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Question 1 [20 marks]

Answers:

Q1(a) Calculate the percentage change in output current lo. [8 marks]
Ro = 7;02[1 ;'E)dqmz (T2l |RE)] [1]
To2 = f = o= 12.5 MQ [0.5]

—lo _ 201 _
Gmz =5 = gem = 0.7692 mA/V [0.5]
1o, = S = 200C8M) _ 560 kQ [0.5]
Io 20].1
_ ﬁ IREF _ 26m 0.5m _
Ry = o In( 0 ) = 2o In( 2Ou) = 4.1845 kQ] [1]
R, = 12.5M[1 + 0.7692m(260k||4.1845k)] = 52.05 MQ [1]
— Wep _ 200 _
dly, = Re — zom 0.7692 mA/V [1]
dVe, =5—-09=41V [0.5]
dl, =2z = 21— 00787 pA [1]
O™ Rp  52.05M '
Percentage change in lo = iﬁme% = O'Z)imxlOO% =0.394% [1]
o

Q1(b) Draw pnp diff amp [4 marks]

Correct location of devices:
current source, transistors & load Rc [1+1+1]

Correct connection to power supplies [1]
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Q1(c) Calculate max value of load resistance Rc and one-sided differential gain, Aq. [8 marks]

AISO, VE = VEC + VC = VEB (On) + VC = 0.7+ VC =07V [1]

So,V, =0V [0.5]
Ve =lIgRp + V. [1]
Ioy = ’?Q =220 = 0.25 mA [0.5]
Thus, V, = 0 = (0.25m)R, + (=5) & Rc=20kQ [1]
Ag =225 [1]
Im =’5—;=%= 9.615 mA/V [1]
Ay = 28820 _ 96 15y /1 [1]
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Question 2 [20 marks]

Answers:
Question 2(a) [5 marks]
Option 1:
_ (k) (W _ 2
Iy = ( 2 ) (L)4 (Vesa — Vrn) [1]
02m = () (15) (Vass — 0.5)2 1]
VGS4 =1.23 V, V(353 = Ves4 =123V [1]
Vess = V+-V--Vgs3=5-(-5)-1.23=10-1.23=8.77V [2]
Option 2:
Ips = Ip3 [1]
50 50
(22) 3)Vess — 0.5)? = (32 (15)(10 = Vg5 — 0.5)? [3]
Vgss = 6.72 V [1]
Question 2(b) [5 marks]
Power supplies & connections [2]
NMOS Diff amp [1]
PMOQOS Cascode current source [2]
Total [5 marks]
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Question 2(c) [10 marks]

Calculate Ay with passive load Rp

Ag=(gm2Rp) /2 [1]
Om2 = 2V(Knlo/2) = 2V[(0.4m)(0.2m/2)] = 0.4 mA/V [1]
Ag=(0.4m x 40k) /2 =8 VIV [1]

Calculate Ay with Cascode active load

Ad = gm2 (roz || Rocascode) [1]
roz2 = 1U(4n 1/2) = 1/ [(0.02)( 0.2m/ 2)] = 500 kQ [1]
Rocascode = Ims Fos Fo1o [1]
Oms = 2V(Kplo/2) = 2V[(0.2m)(0.2m/2)] = 0.2828 mA/V [1]
ros = /(A 10/2) = 1/ [(0.02)(0.2m/ 2)] = 500 kQ [0.5]
Foto = /(A 10/2) = 1/ [(0.02)(0.2m/ 2)] = 500 kQ [0.5]
Rocascode = (0.2828m)(500k)(500k) = 70.7 MQ [0.5]
Aq = (0.4m)(500k || 70.7M) = 198.6 or = 200 V/V [0.5]

Aq had increased = 198.6 — 8 =190.6 V/V with Cascode active load. or
A4 had increased = 200 — 8 =192 V/V with Cascode active load. [1]
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Question 3 [20 marks]

Answers:

Question Q3(a) [10 marks]

By, =B lz_lcz _12m _ 49674

len =172 =135 =145~ a1

__ BVt _ (60)(0.026) 79.3 kQ.

A— =
L 19.67u

v 60)(0.026

Ico 1.2m

Ri=1g + (1 +ﬁ)rn2
— R; = 79.3k + (61)(1.3k) = 158.6 kQ

T = BV _ (60)(0.026) — 3120
IC3 5m

RO — RZ ” I:r1T3+(R1”r02)

1+8
—Ya_ > _,
Toz = Icz  Ica
> R, = 5k || [P2EEX) = 5 825 = 7080

Question Q3(b) [2 marks]

[2]

[1]

[1]

[1]
[1]

[1]

[1]

[1]

[1]

- Class A has higher power consumption, lower efficiency than class B. [0.5]

Class B has highest efficiency but suffers from cross over distortion. [0.5]

- Class AB removes cross over distortion of Class B and, but efficiency of Class
AB is lower than Class B. [0.5]

- Class A requires higher biasing current Icqo compared to class AB, and has lower

efficiency.

[0.5]
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Question Q3(c) [8 marks]

. —Yo_ 5 _

i, =22 === 50ma [1]
i =i, =50mA [1]

Icn 50
Vagn = Vi In (f—s) = (26m) In (S5 ) = 0.7004 V [1]
Vesp = Vis — Vaen = 135 - 0.7004 = 0.6496V [0.5]
4:]
icp = Isexp "y = 10~ Bexp***%26m = 7.0947 ma [1]

Recalculate: i, =i, + i = 50m + 7.0947m = 57.0947 mA [0.5]

Vegn =Vec —Vp=10-5=5V [0.5]
Veep = Vo — (=Vge) =5—(=10) =15V [0.5]
Pon = iecnVegn = 57.0947m x 5 = 285.48 mW [1]
Pop = icpVecp = 7.0947m x 15 = 106.42 mW [1]
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Question 4  [20 marks]

Answers:
Question Q4(a) [10 marks]
VBE/
Using the equation, I = Isexp 'Vt [1]
I
V, =1V, =V.In(< 1
BE11 EB12 i (Is) [1]
0.4 x 1073
VBEll - VEBlZ - 00261n (m) == 07126 V [2]
Find Rs and Ry;
+_ - V- — -
R5 — VT™—Vegp12—VBr11—V — 15-0.7126—-0.7126+15 — 71.44 kﬂ [2]
ICIO 0.4m
I
IC10R4 == VTln 1}:1?:: [1]
, = 0.026 n 0.4m _ 1.497 kO, [1]
0.04m  0.04m

VBElO - VBEll - IC10R4 = 07126 - 004m(14‘97k) = 06527 |4 [2]

Question Q4(b) [10 marks]

Ad = gmz(roz ” r04) 1

Oz = /2K 1o =/2(100p)(100p) =141.42yA/V 1

r, = ! 1 v .
Aolos  0.02X50u

r, = L 1 _ome n
Ay, 0.01x50p

A, = (141.42u)(IM || 2M) = 94.286 0

'A\/z = gm?(ro7 ” ros)

9., = 24K, 1 p, =2,/ (1251)(100p) = 223.6pA/V !

r07 = 1 = 1 :1MQ 1
Ay, 0.01x100p

I, = L __ 1 _osmo 1
Aylpg  0.02x100p

A, = (223.6p)(AIM || 0.5M) = 74.53 0.5

A = A A, =94.286x74.53 = 7027.45 1,1
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Question 5 [20 marks]
Answers:
Question Q5(a) [4 marks]
) The input impedances of both the inverting and non-inverting input terminals are
infinity [0.5].
Since it is an open circuit, current will not flow into the input terminals. [0.5]
i) Since open loop gain Aod is infinity, [1]
for a finite output voltage vo, the differential voltage vd = v2-v1 is zero. [1]
Hence v1 and v2 are nearly equal, i.e. vi1=v2, which is a ‘virtual short’. [0.5]
Both voltages v1 & v2 are forced to be the same without any physical connection
between the terminals [0.5].
Question Q5(b) [4 marks]
vo=(1+2)v; = (1+2)1m = 25my [0.5, 0.5, 0.5]
1
Vo1 = Vo = 2.5mV [1]
R 10k
v = — (7)vo = — (5o ) 2.5m = —2.5mV [0.5, 0.5, 0.5]
Question Q5(c) [12 marks]
vo(max) =5V = Ayz(max) X V; = 500V, [2]
—v v _vo(max)_i_
Va=Viu=Ve = Ag(max) ~ 500 0.01V [1]
Va4 = ig1(max) X (min), where Ri(min) = Ryy [1]

0.01 = 10p X Ry

Ry =1kQ [1]
Ag = (1 + lezjj?l) (i—:) , Where i—: =4 [1]
Ay(max) = 500 = (1 + ZRZ) 4) = (1+25(4) [2]
So, R, = 62 kQ [1]
Ag(min) = 10 = (1 o Rw) 4) = (1+ 12,561"11)(4) 2]
S0, Ry, = 81.67 kQ [1]
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